Nutrients usually act in a coordinated manner in the body. Intestinal absorption and subsequent metabolism of a particular nutrient, to a certain extent, is dependent on the availability of other nutrients. Magnesium and vitamin D are 2 essential nutrients that are necessary for the physiologic functions of various organs. Magnesium assists in the activation of vitamin D, which helps regulate calcium and phosphate homeostasis to influence the growth and maintenance of bones. All of the enzymes that metabolize vitamin D seem to require magnesium, which acts as a cofactor in the enzymatic reactions in the liver and kidneys. Deficiency in either of these nutrients is reported to be associated with various disorders, such as skeletal deformities, cardiovascular diseases, and metabolic syndrome. It is therefore essential to ensure that the recommended amount of magnesium is consumed to obtain the optimal benefits of vitamin D.
bone magnesium content in the setting of normal serum magnesium levels has been termed chronic latent magnesium deficit. 24 Vitamin D is a lipid-soluble vitamin with a steroidal structure that exerts numerous essential cellular and molecular functions. Other than bone mineralization, vitamin D is also involved in cellular differentiation and regeneration of various organs; it is claimed to influence glucose homeostasis and actively contribute to maintaining the physiologic functions of the musculoskeletal system. Adequate intake of vitamin D has shown to diminish the risk of some of the skeletal as well as nonskeletal disorders. [25] [26] [27] [28] [29] [30] [31] [32] Vitamin D needs to be converted from its storage or inactive form (25[OH] D) to an active form (1, 25 [OH] 2 D) before exerting its biological functions. These various stages of vitamin D conversions are actively dependent on the bioavailability of magnesium. 33, 34 Vitamin D is mostly synthesized from 7-dehydrocholesterol upon skin exposure to sunlight (>80%) and may also be obtained from dietary sources or supplements as either vitamin D2 or D3.
Research has claimed that its dysregulation can lead to the development of numerous diseases, affecting the cardiovascular system, musculoskeletal system, and nervous system. [35] [36] [37] [38] [39] Optimal health benefits of exogenous and endogenous vitamin D might not be achieved without the adequate presence of magnesium, as the bioactivity of vitamin D is a magnesium-dependent process. 33, 34 The purpose of this review article is to present the biological significance of magnesium in vitamin D metabolism and its therapeutic importance to minimize complications related to vitamin D deficiency. ; almost 60% of filtered magnesium is reabsorbed in the cortical thick ascending limb, and nearly 5% to 10% is reabsorbed in the distal convoluted tubule. 44 The passive paracellular reuptake of magnesium in the thick ascending limb is impaired by the mutations in claudin-16/paracellin-1, as noted in familial hypomagnesemia with hypercalciuria and nephrocalcinosis. 23, 45 The active transcellular transport of magnesium in the distal convoluted tubule is similarly affected by the defects in TRPM6, causing hypomagnesemia with secondary hypocalcemia. 46 This channel controls the apical entry of magnesium into the tubular epithelium and changes total-body magnesium homeostasis by altering urinary excretion. The transcriptional activity of TRPM6 is regulated by acid-base status, 17β-estradiol, and certain immunosuppressive drugs (eg, FK506 and cyclosporine). 23 Slc41a3, which is expressed in the distal convoluted tubule and the intestine, has been shown to be actively involved in systemic regulation of magnesium homeostasis. 47 Genetically ablating Slc41a3 from mice has been found to induce hypomagnesemia, suggesting a role in its metabolism.
Physiologic Regulation of Magnesium

Sources of Magnesium and Vitamin D
Magnesium is naturally found in many foods, is avail- as much as three-quarters of the total population is estimated to be consuming a magnesium-deficient diet. 23, 48 The recommended daily allowance (RDA) of magnesium for adults is 310 to 420 mg/d (Table) . 49 However, the required amount increases during pregnancy. It is estimated that more than 50% of women of a reproductive age do not consume the RDA for magnesium. 50, 51 Also, regular strenuous exercise can induce magnesium loss through urine and sweat. 14 According to the
2005-2006 National Health and Nutrition Examination
Survey (NHANES) data, the consumption of magnesium was below the estimated average requirement in diets of 48% of people in the United States. 50, 52, 53 Foods high in magnesium include almonds, bananas, beans, broccoli, brown rice, cashews, egg yolk, fish oil, flaxseed, green vegetables, milk, mushrooms, other nuts, oatmeal, pumpkin seeds, sesame seeds, soybeans, sunflower seeds, sweet corn, tofu, and whole grains.
However, it is estimated that the magnesium content in various food and vegetables is declining, ranging from 25% to 80% compared with the levels before 1950. Figure 2) .
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The high prevalence of vitamin D deficiency is a pressing global health concern, as hypovitaminosis D is claimed to be an independent risk factor for overall mortality. 53 intestinal magnesium absorption. 14 Magnesium supplementation markedly reversed the resistance to vitamin D treatment in patients with rickets. 14, 70, 71 According to the NHANES data, a high consumption of magnesium reduced the risks of vitamin D deficiency or insufficiency in the general population. 53 Also, magnesium plays a significant role in the immunoregulation of the body. It is critical to immunocompetence and in natural and adaptive immunity, partly by influencing the activity of vitamin D metabolites. 22, 73 Furthermore, the potential associations of serum 25
(OH)D with mortality, particularly due to cardiovascular diseases and colorectal cancer, were found to be modified by magnesium ingestion, and the inverse associations were primarily found among individuals whose magnesium intake was above the median. Magnesium is vital for maintaining a healthy heart; it helps stabilize the rhythm of the heart and plays a role in preventing abnormal blood clotting in the heart.
Magnesium also helps maintain healthy blood pressure levels. 23, 74, 75 Studies have found that magnesium is highly effective in reducing the rate of heart attacks and strokes. 14, 76, 77 A positive association has been found between dietary magnesium intake and bone mineral density. by increasing its absorption and endogenous activation. 55, [78] [79] [80] In bone, magnesium binds at the surface of the hydroxyapatite crystals to determine its size. 83 Crystals in magnesium-deficient bones are bigger, and they may form brittle bones that are prone to fractures. 84 In addition to skeletal mineralization, magnesium also helps in osteoblast proliferation, and its deficiency impairs bone formation. 85 Magnesium-deficient rats have decreased bone mass related to reduced numbers of osteoblasts. 86, 87 Magnesium has been found to be a contributing factor in patients with established osteoporosis with vitamin D deficiency and blunted PTH level. 88 
Conclusion
Magnesium homeostasis is maintained by the delicate interactions of the intestine, bone, and kidneys. 
